In the Close-Enough Traveling Salesman Problem (CETSP), if a salesman is within a specified distance of a node, then the node has been visited. This paper presents a method for solving the CETSP that is based on Steiner zones. We generate test problems and conduct extensive computational experiments comparing our method to other heuristics. Overall, our method is very fast and improves upon heuristics from the literature.
Introduction
The Traveling Salesman Problem (TSP) is one of the most studied problems in operations research. A salesman starts and ends at the same city and must visit n cities exactly once traveling the least distance possible. Given a complete, undirected graph G = (V, E), where V is the set of n nodes (cities), E is the set of edges connecting the nodes, and each edge has a length (distance), we must find a tour (Hamiltonian cycle) that minimizes the sum of the lengths of the edges in the symmetric TSP. The edge connecting nodes i and j is denoted e ij . The book by Applegate et al.
[1] provides a detailed history of the TSP including applications and computational aspects. This paper examines the following variant of the TSP. If a salesman is within a specified distance of a node (in other words, a salesman is "close enough"), then the node is considered to have been visited. We illustrate the CETSP in Figure 1 . In the standard TSP shown in Figure 2 (a), the salesman leaves the depot (depicted by a triangle), visits four nodes, and returns. In the CETSP shown in Figure 2(b) , the salesman needs to get within distance r of each node i (this is depicted by the four disks), where r is the same for each node. If the salesman visits a location in the intersection of the four disks, then each node has been visited. Clearly, the out-and-back solution to the CETSP has a shorter total length than the solution with five edges required by the TSP. In the CETSP, the salesman moves freely in 2D Euclidean space, whereas, in the TSP, the salesman travels from node to node.
The CETSP has a number of practical applications. Consider the deployment of a drone aircraft (unmanned aerial vehicle) to monitor several geographic regions. To collect its reconnaissance information, the aircraft needs to fly within a certain distance of each region's
